Animal Gaits from Video by Favreau, Laurent et al.
HAL Id: inria-00071419
https://hal.inria.fr/inria-00071419
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Animal Gaits from Video
Laurent Favreau, Lionel Reveret, Christine Depraz, Marie-Paule Cani
To cite this version:
Laurent Favreau, Lionel Reveret, Christine Depraz, Marie-Paule Cani. Animal Gaits from Video.









   



















ap por t  
de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Animal Gaits from Video
Laurent Favreau — Lionel Reveret — Christine Depraz — Marie-Paule Cani
N° 5170
Avril 2004
Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38334 Montbonnot Saint Ismier (France)

































WPf;_`emf;]a`f'WÀbip`eg]Vn'gX¸x-esq|Xfip`X<7VX]"dNX}foeg_cp ;~a`X<]kq|X<a`em]Vnk   X}_`TkX]µegmmkpv_cacbo_`X¸_cTVX}WPXN_`Tkf-q¥-§
acX<df;]kp£_`ackdN_`em]VnAb;]VemWPb;n'b;e±_jp¬a`f'Wgemx;X¸x-esq|XfPfoemmqgegX
q|f|dNkWAX<]7_cboacemX<p< 
Á¦Â7Ã5ÄcÅÆ yÇ; R]kegWiby_cegf']°acf;WÉÈ¦f;_`emf;]KÊy¡ esq|Xf¤Obo_cbkl?[^]7_`X<a`{Kf;sby_cegf']HË¸X§7ajboWPeg]knkl1[^]7_`Veg_`emx;X
[^]7_cXa`Ìb;dNX%pªf;aRR]kegWiby_cegf']
Í¬Î`ÏÑÐjÒÓ4ÔvÕNÖ`× ØmÐ£Ù<ÓÌÔ`ÐjÒ'Ú'ÏÜÛÜÝÕ%Ô£Ïs× ÓÌÔ^ÙNÔvÓ4Ô^Ö£ÚoÞ®ßÓÌÛÜà4Ö4ÛÜÕÔ× áÔvâÓCÐjãÚ;äRÐjÓÌÛÜÔvåsâyÐjÒÏÜÔ× Þ£ÐjÕÛgæjçÛÜÕÓÌÛÑÐjÏÜâ;Ôvà£× ØmÓ
 ¸
    R¯ª	
	  v
  }
 	N  N
    f'kp{Vacr<p`X]7_cf;]kp9V]kX}WAr_`TVf|q|X{"f'Va bo]kegWPXaRqVX<pRWPf|q|U<gX%pRY;¼q b;]VegWib;|P{kb;a£_cega
qVXAp`X<7VX<]kdNX%pOx-esq|rf7pR_cXmgX%p}7VXAqVX<p}q|f|dNkWAX<]7_cboemacX<pbo]VemWibomegX<acp< ! )X%pOx-esq|rf7pOp`f;]7_}q" bo¥Kf;ajqp`Xnoh
WPX<]'_crX%p+X]:egWibon'X<p1¥keg]kb;egacX<pªp£ka?mX<pc'kXmgX%p+V]VXbo]kb;g§|p`XX]:df;WP{Kf'pcbo]7_`X%p1{Vaceg]kdeg{"bomX<pR«4 ©ªtª­+X%pv_
b;{V{Vmem7Vr<X; # .X<p9_cacbouvX<dN_`f;emacX<pq|X%pegWib;n;X<pqkbo]kp$ X<p`{kb;dX¸qVX<p df;WP{Kf'pcbo]7_`X%pª{ka`em]kdNem{kb;gX%pRp£f']7_ bomf;ajp




_cf;|_¦q" bo¥Kf;ajqV]VX¤WPrN_cTVf|q|X¤b;|_`f'Wiby_`es7VX=qVX¤p`rmX<dN_`emf;] q|WPXemgmXkaX<]kp£X<W¥VmXq" emWibon'X<p£h®dgr%p
{Kf;kagX%p`7VX<gmX<p¬$ |_cegmesp`bo_`XkaRq|Xx-ajb¯q|f']V]VX<aRq|X<p9X-X<WP{VgX%pq|X¸{"f7p£X}Y' "©ªX_£_`X}WPr_`TVf|q|X
q|emWPeg]-VX
mX¸_`X<WP{kp q|X¸_cacbxyb;eg.qVX}' |_`emmempcby_cXVaRX<]Ep£k{V{VacegWibo]7_R$ b;]kbom§|p£X¸Wibo]-VX<gmX
q|X}sbPx-emq|r<fklVX_Oq|f']kd¸gX





















































% ]kX1fo7_`TVX1¢"acp£_.by_`_`XWP{|_jp_cfa`X%dNf;]"pv_ca`kdN_)bo]VemWibooWPfo_cegf']a`f'W x-emqVXf'p5esp  emmTVXmWip  p¬f;ac¶;: =< ;Y>C 
















     HEC     	








zRf'p`XiXN_Ab;4  : zR³R©! >ª{kb;acb;WPXN_`X<a`eA#XP_cTVX:p`§-]'_cTVX<p`esp
fo]VX< WAf;_`emf;]acf;W WAf;_`emf;]°d<bo{|_cVa`X¨qkby_cb
sbo¥KXmX<q=eg_`Tbo¥kp£_`ajb;dN_{"boajboWPXN_cXajpOdjTkb;acb'd_cXace$#<eg]Vn¨_`TVX¨p£_v§-gXPfo¬WPfo_`emf;].   .Xesp¸XN_




]keg]VnµWPXN_cTVf|qVp< !-mf'b;]X_}b;4  : !-[`©¬k >+XN-_`X<]kq_`TVespf;acWVsby_cegf']¥-§df;W¥keg]Vem]VnµzR³9´½bo]"qmeg]kX<boa
acXn'a`X%p`p`emf;]) . gK_cTVX<p`Xb;{V{Vacf'b'djTVX<p1em]7_`X<a`{Kf;sby_cX ¥KXN_v¬XX]:ªX<g5q|XN¢"]VX<qqVby_jb}h1e4  X; X|b;WP{VgX%p?f;.Y;












&'   . ,* .02,/7
% ka1WAX_`TVf|qAesp1bo]PXNVboWP{VmXNh®¥kb'p£X%qbo{k{Va`f7b;djT)   X9_cX<p£_+x7esq|X<f¸qkby_cb¸b'p{"f7p`p`eg¥kgX9em]V{V|_?{"boajboWPXN_cXajp












































  .N    
 









     HEC     	






  '    , 3/0 . *H0	
 0	0  0	  1


























































 kW¥KXaRf; % acemn;em]kbo ³¬em]kboac§
!-X<7VX<]kdNX ajboWPX<p egWib;n;X egWibon'X
Rf;ajp`X9bom¶ %; Y';yky7 Y7ooVo'
Rf'acp`X}dbo]7_cXa %; Y';yky7 Y7ooVo'
Rf;ajp`XOn7bomgf'{ %; Y';yky7 Y7ooVo'
©ªTkXXN_jboTa`k] %Y7  7' ;o|Y;
S9emn;Xa9acV] ' o;y|! ' '! oVV 
 ]'_cegmf;{KX¸¬b;g¶ ; Y''k ! ;Y'y5yyY
< emajby»5X}¬b;g¶ oY Y''k ! 'yV'oY
  ' )+*H0	 /0 +1 	 1 6,   5  5 0	










     HEC     	









acfyx;X<dN_`f'a fo+b;g._`TVX¯{Ve±|X<mp xb;gkX<p p£_cb'dj¶;X%q:_cf;n'XN_`TkXa%   Xn7by_cTVXa b;g._`TVXegWibon'X<p fyx;XaRb
p`X<7VX<]kdNX¸em]¦b¯Wibo_`ace±
	olkby _cXaTkbx-em]VnAp`V¥|_cacb'd_cX<q:_`TVX}WPX<b;]µegWibon'X  ^¹
        «v%­
	      ! 







(  (*/. «7­
´em]kbomg§'l?¬X_cbo¶'Xb'p¯em]V{VV_¨x;X<dN_`f'a¯f; _`TkXµb;]VemWPbo_`emf;]H_`TVXµ{VacfouvX%d_`emf;]¾dNf-X ?¨degX<]'_jpAf;]7_`f=_`TVX
t?a`em]kdNem{kb;©ªf;WP{"f']VX]7_jppv_jb;dj¶;X%qb'p9dNf;mVWP]µx;X%d_`f'acp¬em]µWPbo_`ace±0( ¹
1 23!    ! ( «4;­
 X9a`X%dbo{ke±_cVmbo_`X¬¥"X<gfy°_`TVX9acX<p`V±_jpfokt¬©¬¾em]_cXacWipf;"{kb;a£_fok_`TVX9xyboacemb;]kdNX¬dNfyx'XacX<q}¥-§}X<b'djT
t?a`em]kdNem{kb;5©ªf;WP{Kf;]VX<]7_ªeg_`T¨acX<p`{"X%d_ª_`f}_cTVXR_cfo_cb;"xyb;a`esbo]kdXfo_cTVXOqVbo_cb¸f'a?f'Va9¸_`X<p£_¬p`X<7VX<]kdNX%p 
!-X%'kX]kdX t9©O t¬©9 t9©¬Y t¬©ª
Rf'acp`X¸¬b;g¶ Y'YV Ñ oYk Ü ;;    V Ü 
 f;ajp£X}db;]7_`Xa Y7| Ü "   V m  V Ñ 
Rf'acp`X¸n'b;gmf;{ Yk; m  k   ;;    V  Y;Y
©ªTVXX_cb;TacV] 'k Ñ ;'   V  ;Y - Ñ
S9emn;X<aa`k] | Ü <k   V m k   
R]7_`emgf'{"X}9bom¶ V; Ü %V    V  ' V  V
< emacbo»KX¸9bom¶ -|   %V   ;; m |  ;Y
  '4 5   ,*  1   -021 
% ka¨n;f7boResp¨_cf°n;X<]VXajby_cXEbo]VemWiby_cegf']¾{"boajboWPXN_cXajpE«{Kf'p`e±_cegf']½bo]kq¤uvf'eg]7_µbo]Vn'gX%pc­768iacf;W _`TVX
xyb;gVX%p
f;9{ka`f;uvX<d_cegf']dNf-X ?¨dNemX]7_jp 1 
df;WP{V|_cX<q¤acf;W t¬©¬
   X:kp`X¨em]'_cXac{"f'mbo_`emf;]fo:9 Y;
{Kf'p`XXNVboWP{VmX<p<; 68>=? = A@B@B@ C lVdNf'a`acX<p`{"f']kq|em]Vn













68 1 2 C    1  1 %
	  « '­
TkXacX 1 esp¬_`TVX}em]V{VV_9x'X<dN_`f;ab;]kq 6_`TVX}{ka`X%q|emdN_`X%q:x'X<d_cf;a%   9b;a`XO_`TVX
z ³¬´¬ 	  boacXOV]k¶7]kfy]
x'X<dN_`f;ajp_`f}¥KX q|X_`X<a`WPem]VX<q [®K_`TVXOzR³9´=b;a`Xp£_cb;dj¶'X<qAem]'_cf
b}p£em]Vn'gXx'X<d_cf;a  1 1bo]"qA_`TVXV]k¶7]kfy]
df-X ?¨dNemX]7_cp	  b;p9acfy½x'X<d_cf;ajp¬eg]7_`fibAWiby_ca`egElkªX}Tkbx'X _cTVX¸f;acWkmbo_`emf;]¹68 1 2 1  «Co­
  1 2 ;   1  1 % #$#%#   1  1 $ ? «  '­
3	  "%#$#$#$" 	 

« '­
OpPeg]7_`X<a`{Kf;sby_cegf']°{Kf;em]'_jpl?ªXkp`X09 Y'À{Kf'p`XXNVboWP{VmX<p76 F b;]kq_cTVX_`TVXµxybomVX<pAf;R_`TVX 9
b'p`p`f|dNesby_cX<q¨em]V{VV_R{kboajboWPXN_cXajp 1 F fo._cTVX
dNf'a`acX<p`{Kf;]kq|em]Vn¯¶;X§7h®egWib;n;X; Tkb;p¬_cfP¥"X
p`f;mx;X%q:p`f¯_cTkby_)68 1 F  6GFAesp}WPeg]kegWiboC :S9TVesp}WPem]VegWPeA#<bo_`emf;]eg]°bmX<b'pv_pc7kboacXip£X<]kp£XPmX<b'qVp¸_`fµ_cTVX¨p£_cbo]"qVboajq
{"p£X<kq|foh®em]7x'Xajp£Xp£f'gV_`emf;]¤¹
3  !"  $#  !"% «£<'­
TkXacX;l
% & 6' "%#$#$#%" 6'( 

«£;%­
 &)  1  







68 1 2*  1  +!"  #  !"% «£<Y'­
 fo_cXO_cTkby__cTVespRdb;]¥KX}a`Xh4f'a`W¯Vsby_`X%q¨X|b'd_cg§:b'pbo]eg]7_cXac{"f'mbo_`emf;]fo._cTVX<6GF¬¹
68 1 2 C = -, =  1  6 F «£7­
¥-§XN-_`ajb;dN_`em]Vni_cTVX¯Wibo_`ace±. 1 8/    0#     OS9TVX¯xybomVX
fo21 C=  , =  1 Rp`TVf;VsqEp£_cb§µdNmf'p`X}_`f _`fAn;"boajbo]7_`X<XR_`T"by_b{Kf;em]7_ 1 em]:_cTVX¸eg]k{V|_Rp£{"b;dNXesp¬dgf7p£XOX]Vf'Vn;T:_`fAeg]7_cXac{"f'mbo_`emf;]:{Kf;em]7_cp9bo]"qb;]-§
,
=  1 ?p`TVf;kmqi¥KXOdgf7p£X _`f0; 3 "  ?5p£f
_`Tkbo_ 68 1 ªpv_jb§|p?dNmf'p`X_cf
_`TkXdf;]-x;X¯T-VmKf;_`TVXY;J{"f7p£XXVboWP{VmX<p< 
DED ÕFHGCIJK
%     HEC     	
	          
  	$
´kf;a_`TVXdjTVf'emdXEfo   Nl¸b²dNf'WAWPf']½{Vajb;d_cemdXesp_`fH"p£Xb°n7bokpcp£esbo]½V]kd_cegf']½f'aeg_cp 
df;]7_`em]-Veg_v§¨{Vacf;{KXa`_`emX<p<¹










¬X¸¬b;]7_   ¬_cfP¥"X}X%'"bo5_`f 3 #  TVX<]!    1S9TVespgX%b;qVpª_cf¨bo]X<p£_`emWPbo_`X}f; V  g{VacXx-emf;kpA¬f;ac¶|pf']HXNVb;WA{kgXhC¥kb'p£X%qHb;]VegWibo_`emf;]HacXm§f;]H_`TVXµkp`XaA_cfqVX<dNesq|XµTVX<a`XµY;







   k  .	N ?N







_cTVXiem]7x'Xajp£emf;]=fo9bWibo_`ace±   l.¥kVegsq=a`f'W·_`TkXieg]7_`X<a`{Kf;sby_cegf']={Kf;em]7_cp<lb'p¸e±_
Tkb'p¸¥"X<X]p`TVfy]
em]¦_cTVX{VacXx-emf;kp p£X%d_`emf;]. ©ªf;]kp`X<7VX<]7_`m§;lV_cf¨X]"p£VacXb¨p£_cb;¥VmXem]'_cXac{"f'mbo_`emf;])lKbo]kq_cT-kpOb:p£WPf-fo_cT
b;]VemWPbo_`emf;])l    	$ !   #"     ;&-  $H %   &   H  C )H     ('  (


















df;]kqVe±_cegf']]-VW¥KXa1f;Kb;g-_cTVX< C WPbo_`acemdX<p   S9TVX  Wiby_ca`eg




























































































´emn;VacX Yk¹t9©O'« _­®|t¬©9k« _j­O¹t¬©¾{VacfouvX%d_cegf']kp?b'dNacf'pcp1_`emWPX f'a+_v¬f¯p`§-]'_cTVXN_cemdOp£X%7VX]kdX<pªfo)TVf'acp`X;¹
d<bo]7_`X<a bo]"qµ¬b;g¶5 ´VajboWPX<pOboacX}]-VW¥KXacX<qf'a f;]kXdN§|dNmX;  ©ªemacdgX%p b;a`X
p`XmX<dN_`X<qµXVboWP{VmX<pR¥-§_`TVX
df;]kqVe±_cegf']]-VW¯¥"X<aRdNace±_cXacegf']) 








 '    ,5 1 2.0	      















     HEC     	


















p`b;WPX p£emmTVf;VX_£_cX ¥V|_9by_ªbq|e±»5XacX]7_¬{"f7p£X'l'¬X b;p`¶¯_`TVXq|X<p`egn']VXa+_`f{ka`fyx-esq|X9_`TVXbo{V{ka`f'{Va`esby_cX
Y;~{Kf'p`X¸XNVboWP{VmX; 














_jbo¶'X]Eacf;W_cTVX  9 Y; {Kf'p`X¯XVboWP{VmX<p¸p£X<gX%d_cX<qE¥-§µ_cTVXP{Va`X<x-egf'kpOb;gn'f;ace±_cTVWµ   Xid<bom_cTVX<p`X
p`XN_jp¬_`TVX
p`eg_cdjTVem]VnPWPf-qVXsp +S9TVX¸{VacX<qVemdN_`emf;]µfobo]VemWiby_`emf;]{kb;acb;WAX_`X<acp¬esp9XN-_`X<]kq|X<qµb'p¬f;mgfyRp¹
6  1  8   , 	
  1
  6 	
 «£ '­
   
,
  +    1  "   #   «£o­







  +   1 "   em]kq|esdbo_`X%pOTkemdjTp`XN_¸fo9 {Kf'p`XAXNVboWP{VmX<pO]VXX%qVpO_`f¥"XAkp`X<qeg]=_`TVX{ka`X%q|emdN_`emf;]Pbomn;f'a`eg_`TVWµ )[®_+esp1b¸q|esp`da`X_`X9pv_jby_`X9xyboacesbo¥VmX;loem]kda`X<WAX<]7_`X<qX<b'djT_cegWPX9ªXq|X_`X%d_1_`T"by_1ªX
T"bx;Xa`X%b;djTVX%q¨_cTVX}mb'pv_O;¼p`egmTVf;kXN_£_cX¸e±_cTVeg]EbPp`XN_Rf;9 ¶'X§7h®egWibon'X<p< 1S9TVX}djTkbo]Vn'X¸fo1p£emgTkf;VX_£_`X
em]µ¶;X<§'h®emWPb;n;X%p?esp9X<b'p£emg§q|XN_cX<d_cX<q¥-§:biq|espv_jbo]kdXV]kd_cegf']µeg]_`TkX}t¬©¬~p£{"b;dNX' 
!-eg_cdjTkeg]Vn¥KXN_v¬XX]7 iWPf|q|Xsp f;89 {"f7p£X¯XNVboWP{VmX<p ªf'Vmqbomgfy_`fXN|{Vmf;acX
_cTVXTVf'gX




d§|dNmXWPfo_cegf']) S9TkXV]"d_`emf;]    Rn'egx'X<p _`TVXA:em]kq|esdNX%p f;?{"f7p£X¯XNVboWP{VmX<pby_p£_cbo_`X{Kf'p`eg_`emf;]kpeg_`TE¯fyx;X<a`sbo{k{Veg]kn{Kf'p`XXVboWP{VmX<p9¥KXN_v¬XX]_v¬fidNf;]"p£X%dN|_cegx'Xp£_`X<{kp¹
 =  8 = «£  '­






















«4pv_jboa`_`em]Vnbo_O_v¬f7­ bo]kq=bo]=eg]kda`X%b;p`eg]kn¨]-VW¥KXafo?t9© «Ìp£_cb;a£_ceg]knby_¸f;]kX%­  < emx;X<]E_`TkX¯]-VW¯¥"X<af;
DED ÕFHGCIJK
<     HEC     	
	          
  	$























































































































































 '(&   ,5  *H0  0 1  6, 




X<]kdNf|q|X%p bixyb;a`esby_cegf']¦¥"X_vªX<X]Eb  emn;T7_{VTkb;p`X;lKTVX<]¦]Vf;]VX¯fo_`TkX
XX_ _cf;kdjT¦_cTVXn'a`f'V]kqlKbo]kq¦b
DED ÕFHGCIJK
      HEC     	








mean − eigenimage1 mean mean + eigenimage1
mean − eigenimage2 mean mean + eigenimage2


























mean − eigenimage1 mean mean + eigenimage1
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